Introduction: We previously showed that select cytokine gene polymorphisms are a significant predictor for pain reported at initial presentation in 446 white patients newly diagnosed with non -small cell lung cancer. This follow-up study explores the extent to which polymorphisms in tumor necrosis factor-A (TNF-A-308 G/A), interleukin (IL)-6 À174G/C, and IL-8 À251T/A could explain variability in pain and analgesic response among those patients (n = 140) subsequently referred for pain treatment. Methods: Pain severity (0, no pain; 10, worst pain) was assessed at initial consultation and at follow-up visit. The total dose of opioids at the time of first-follow up visit (30 days postconsult) was converted to an equivalent dose of parenteral morphine. Results: Forty-one percent (57 of 140) of the patients reported severe pain (score >7/10) at initial consultation (mean, 5.5), which significantly decreased to 25%
Introduction
Although improvements in the survival rates of patients with cancer have been observed in recent years, the majority of patients still experience distress and suffering. Pain is one of the most prevalent and debilitating symptoms experienced by cancer patients. Pain prevalence rates of 30% to 40% are reported for patients receiving active cancer treatment, which increases to 80% for patients with advanced cancer. Opioids are the drug of choice for cancer pain. However, huge interindividual variation in opioid dose requirement is commonly observed. High doses of opioids can be neurotoxic, and repeated opioid dose escalation leads to increased side effects and tolerance. Thus, an improved characterization of patients most likely to respond to opioid analgesia will help facilitate early and more effective pain management.
Pain is a complex trait, and the discovery of pain modulatory mechanisms producing both analgesia and antianalgesia suggest the importance of several biological systems in modifying opioid analgesia. Inflammation caused by tumor-induced mediators, such as cytokines, has been suggested as a potential mechanism for cancerrelated pain (1, 2) and conversely, in the development of opioid tolerance. Proinflammatory cytokines released by activated glial cells in response to inflammation, nerve trauma, or both, cause hyperexcitability in pain transmission neurons, and the exaggerated release of substance P and excitatory amino acids from presynapatic terminals produce an exaggerated pain response (3) (4) (5) (6) . Opioids, including morphine, also increase glial production of proinflammatory cytokines, which excite painresponsive neurons and counterbalance analgesia by creating compensatory pain facilitation. The effect of cytokines on pain can therefore be hypothesized as bidirectional, causing an enhancement and facilitation of pain as well as increased opioid tolerance.
We recently reported that polymorphisms in IL-8 À251T/A (7) were significantly associated with pain severity in 446 newly diagnosed, previously untreated white patients with non -small cell lung cancer. In this study, we assess the extent to which functional variations in the same cytokine genes, TNF-a À308G/A, IL-6 À174G/C, and IL-8 À251T/A, could explain variability in analgesic response among those patients (n = 140) who subsequently received pain treatment and control from Supportive Care specialists during the period 2000 to 2005. Studies that elucidate the contributions of host genetic variability to analgesic response have high clinical significance.
Materials and Methods
Study Subjects. The study sample was drawn from an ongoing previously described case-control study of lung cancer (8) . Case patients with histologically confirmed lung cancer were recruited at the time of initial registration at the Cancer Center and before initiation of radiotherapy or chemotherapy. There were no restrictions with regards to age, sex, ethnicity, or disease stage. All cases were residents of the United States. For this study, we restricted our analyses to a subset of lung cancer patients who were referred to, and received pain treatment from, Supportive Care specialists during 2000 to 2005. This study was approved by the institutional review board at M. D. Anderson Cancer Center and all participants provided written informed consent.
Epidemiology and Clinical Data Collection at Presentation to the Cancer Center. Trained M. D. Anderson staff interviewers collected data on demographics and smoking history at patient registration. Clinical data including stage of disease and history of comorbid conditions (heart disease, stroke, diabetes, emphysema, etc.) were abstracted from the patients' charts. Depressed mood was assessed using an item from the SF-12, ''during the past 4 weeks, have you felt downhearted and blue,'' a validated measure of quality of life and one extensively used in studies of cancer patients (9) (10) (11) (12) .
Data Collection at the Supportive Care Center
Pain Assessment. Patients underwent a structured symptom assessment, medication review, and symptom management. Pain was assessed using an 11-point numeric scale (0, ''no pain'' and 10, ''worst pain'') upon initial consultation and at follow-up visits. This pain item was taken from the Edmonton Symptom Assessment System, a tool frequently used in clinical care of palliative care patients (13) (14) (15) (16) . Patients rated their pain from 0 to 10 (0, no pain; 10, worst pain).
Follow-up Care. As a part of routine practice, nurses at the Supportive Care Clinic conduct follow-up care of patients by contacting the patient or caregiver about pain control and opioid side effects either by phone or during clinic visits. In the case of uncontrolled pain or the development of side effects, medical instructions are given accordingly by the palliative care physician who assessed the patient at the last visit. These instructions are given over the phone or sometimes the patient comes to the clinic or emergency room for evaluation.
Opioid Dose and Clinical Variables. Charts were reviewed for information on opioid dose. All patients received strong A opioid receptor agonists including morphine, oxycodone, fentanyl, hydromorphone, and methadone. Due to the different types of opioids prescribed, we translated the daily opioid dose to morphine equivalent daily dose (MEDD). We used the conversion factors shown in Table 1 and calculated the total dose of opioids taken over the past 24 h at the time of first follow-up clinic visit.
Medical charts were also reviewed for the following: presence of neuropathic pain, presence of incident pain, presence of psychological distress, level of cognitive function, and addictive behavior, assessed using the CAGE questionnaire (17) . These variables, included in the revised Edmonton Staging System (Table 2) , have been shown to be prognostic of stable pain control (18) . The revised Edmonton Staging System, developed by Fainsinger and colleagues, is a validated and clinically acceptable tool for pain classification and cancer pain populations' comparison in research studies (19) . It has a good predictive value with a moderate to high interrater reliability (from 0.67 to 0.95; refs. 13, 19) . For this study, physician fellows in the Supportive Care Department at the Cancer Center (B.E.O. and H.P.) reviewed the medical charts as documented by the physicians in the Supportive Care Center who examined the patients. Neither fellow had participated in the care of these patients.
Blood Collection and Molecular Analysis. As previously described, genotyping was done using the Taqman platform and the genotype distribution for the whole sample, and the results of the m 2 test for separation from Hardy-Weinberg equilibrium showed that there was no significant departure for any of the polymorphisms (7).
Statistical Analyses. The normality distribution of pain severity and morphine dose was assessed using onesample Kolmogorov-Smirnov test. ANOVA and m 2 tests were used to assess the relationship between genotypes and pain severity and MEDD.
Multivariable regression analyses were conducted to assess the association between the genotypes (TNF-a À308G/A, IL-6 À174G/C, and IL-8 À251T/A) and pain severity at first follow-up visit and morphine consumption. Candidate variables included demographic variables (age, sex), clinical variables (stage of disease, treatment variables including surgery, chemotherapy and radiotherapy, comorbid conditions) and presence or absence of psychological distress, and level of cognitive function. Variable selection for the final model was The total dose of opioids received over the preceding 24 h at the time of the first follow-up clinic visit was converted to an equivalent oral morphine dose in milligrams using the conversion factors shown above. The conversion factor for methadone is variable, and there is no single consensus conversion factor for this drug. For the purpose of this study, we used a conversion factor of 10.
conducted by using a backward elimination approach.
With the goal of having the most parsimonious model, only variables with P < 0.05 were included in the final multivariable model. A significance level of 5% (twosided) was used for all the final analyses.
Results
A total of 140 patients were referred to Supportive Care specialists for pain treatment and control. Males made up 54% of the sample, and the mean age was 60 years (SD, 13). Seventy-four percent had metastatic disease, 22% had surgery, 50% received chemotherapy, and 74% received radiotherapy. The majority (90%) of the sample had radiotherapy, surgery, and/or chemotherapy, and 58% reported one or more comorbid conditions (e.g., heart disease, stroke, diabetes). Of these, 20% (28 of 140) reported depressed mood at registration before receiving pain treatment and management at the Supportive Care Center. The data were most complete during the first followup visit, around 30 days from the initial consultation. Mean pain at initial referral for consultation to the Supportive Care Center was 5.5 (SD, 3.0; median, 6; mode, 7) and at first follow-up visit was 4 (SD, 2.9; median, 4; mode, 2; P < 0.001). Using a score of z7 for the definition of severe pain, we observed that 41% of the entire sample reported severe pain at consultation and this significantly decreased to 25% at first follow-up clinic visit (Mc Nemar tests <0.01). Mean MEDD reviewed during the first follow-up visit was 89 mg/ 24 hours (SD, 119) and median was 50 mg/24 hours. The Kolmogorov-Smirnov Z test showed that pain severity at initial consultation (P = 0.103) and first follow-up visit (P = 0.092) were normally distributed but not for the MEDD (P = 0.001). A dose of >120 mg/24 hours was calculated as the 75th percentile for MEDD. Neither the mean nor the median pain was significantly associated with high MEDD, suggesting that stable control of pain was achieved.
We also found that at initial consultation, 42 (30%) patients were documented as having neuropathic pain and 16 (11%) patients had incidental pain. Twenty-six (19%) were identified as having delirium and 34 (24%) were CAGE positive. Sixty (43%) had psychological distress. When we assessed for association with MEDD, only the variable CAGE was associated with MEDD (P < 0.020) and thus was included in the multivariable analyses.
TNF-a, IL-6, IL-8, and Pain Severity at First Followup Visit. Polymorphisms in TNF were significantly associated with pain severity at first follow-up visit (TNF GG, 4.12; GA, 5.38; AA, 5.50; P = 0.04; Table 3A ) for the total sample. Studies suggest sex differences in pain and analgesic responses (20) (21) (22) (23) ; thus, we also analyzed if the associations between polymorphisms and pain severity and analgesic response vary by sex, recognizing that the population in this study was weighted toward men and the study may be underpowered for analyses of sex differences. When stratified by sex (Table 3B) , we found statistically significant differences in pain severity by TNF genotypes for men and by IL-6 genotypes for women (P < 0.05).
We further assessed if the relationship between polymorphisms in TNF and pain severity at first follow-up visit persisted in the multivariable model. Candidate variables included demographic characteristics (age, sex), clinical variables (stage of disease, comorbid conditions), and depressed mood. We found that only polymorphisms in TNF remained as a significant factor for pain severity (b = 0.226; P = 0.036). We did not observe these associations to vary by sex (interaction term, P > 0.05). TNF-a, IL-6, IL-8, and Differences in Pain Scores at Initial Consultation and First Follow-up Visit. We also assessed the relationship between polymorphisms in TNF-a, IL-6, and IL-8 and differences in pain ratings between the two assessment periods (pain at initial consultation and at first follow-up visit). Improvement in pain scores was observed for carriers of polymorphisms in IL-6 À174GC and IL-8 À251T/A. However, for TNF-a-308GA, the AA genotypes exhibited no improvement in pain scores relative to the GG and GA genotypes (Fig. 1) .
TNF-a, IL-6, IL-8, and Morphine Equivalent Daily Dose. Polymorphisms in IL-6 À174G/C were significantly associated with MEDD (IL-6 GG, 69.61; GC, 93.6; CC, 181.67; P = 0.004; Table 4A ) at the univariate analyses of the whole sample. Although not statistically significant, a trend for higher MEDD by polymorphisms in IL-8 was also observed. Stratified by sex, Table 4B also shows that morphine dose varied by IL-6 genotypes among men but not for women. Men with CC genotypes required the highest morphine dose.
As mentioned, the Kolmogorov-Smirnov Z test showed that MEDD (P = 0.001) was not normally distributed. Using a dose of >120 mg/24 hours (calculated as the 75th percentile for MEDD as cut-point), multivariable logistic regression analyses showed that those who were carriers of the homozygous variant genotype, IL-6 À174C/C (odds ratio, 4.7; 95% confidence interval, 1.2; 15.0), received higher doses of morphine relative to GG or GC genotypes adjusting for the covariates (CAGE score, depressed mood, pain severity, stage of disease, comorbidities, age, and sex). We did not find any significant sex by genotype interaction.
Discussion
In this study, we found preliminary evidence for the importance of host genetic variability in cytokine genes on pain and analgesic response in patients receiving supportive care treatment. Specifically, we found that polymorphisms in TNF-308G/A and IL6 À174G/C may be important modulators of pain treatment and control. The magnitude of the association was most prominent with IL-6À174CC genotypes, with carriers requiring more than 4Â the MEDD relative to heterozygotes and wildtype carriers, even after adjusting for factors known to influence pain relief. The IL-6 gene is localized to chromosome 7p21. The IL-6 À174G/C polymorphism affects transcription, altering serum levels of IL-6, with the C allele associated with significantly lower levels of plasma IL-6 (24, 25) . Our findings provide preliminary support for a role of IL-6 in pain severity by showing that patients homozygous for the allele associated with lower plasma IL-6 levels required higher doses of opioids. To our knowledge this is the first study to provide empirical evidence of the important role of IL-6 À174G/C in analgesic response in cancer patients.
IL-6 induces analgesic effects in animal models of inflammation (26) . Preclinical data first provided insight on the possible role of IL-6 in differences in opioid analgesia requirement. Bianchi et al. showed that IL-6 knockout mice had a reduced analgesic response to restraint stress. They also showed that the development of tolerance to the analgesic effect of morphine was more rapid in IL-6 -deficient mice and was accompanied by a reduction in the number of opioid receptors in the midbrain (19) . Glial activation in response to chronic opioid use has also been suggested to lead to the production of cytokines contributing to the apparent loss of opioid analgesia effectiveness upon repeated opioid administration (tolerance) and leading to the development of opioid dependence (27) . Spinal administration of IL-6 to rats with nerve injury has also been shown to result in antinociceptive effects, suggesting its potential as a modulator of pain (28) . Clinical studies also show that patients with pain have elevated IL-6 levels (29) .
We also observed a significant association with polymorphisms in TNF-308G/A and pain severity. The À308 polymorphism is a G ! A substitution and reportedly affects gene expression, the rare A allele resulting in higher TNF production (30) . TNF-a has been suggested to be critical for the development of inflammatory pain behavior in animal models. Blocking TNF signaling inhibits the development of mechanical allodynia and inflammatory pain. The novel therapeutic potential of TNF inhibitors has also been suggested for conditions such as brain cancer, epilepsy, and chronic pain (31) (32) (33) . Anti-TNF therapy has also been shown to be profoundly analgesic, with an efficacy similar to that of cyclooxygenase-2 inhibition and reduced astrocyte activity in collagen-induced arthritis (34) .
In the larger cohort whence this sample was drawn, we found that IL-8 À251T/A was significantly associated with pain severity at presentation, before receiving any cancer therapy (7). Although we also noted a trend for higher MEDD by polymorphisms in IL-8 À251T/A in this follow-up study, we found that polymorphisms in TNFa-308G/A and IL-6 À174G/C were the significant correlates of pain during treatment and analgesic response, respectively. These findings potentially suggest the role of different pathways in the biology of pain and therefore have important implications in the clinical epidemiology of pain and its treatment. Alternatively, these findings may be viewed as arising from differences in methodology, e.g., the present analysis focuses on a subsample of the patients under chronic opioid therapy, who have had large doses of opioids, or the small sample (thus low power) may account for not detecting associations found in the first study. Nevertheless, taken together, these two studies suggest the importance of cytokines in the biology of pain and warrants further studies.
We also observed sex differences in the association between genotype groups and pain as well as for morphine dose. Specifically, we observed statistically significant differences in pain severity by TNF genotypes for men and by IL-6 genotypes for women and also observed that men with IL-6 À174CC genotypes needed the highest morphine dose. However, these differences did not persist in the multivariable analyses. Studies have shown sex differences in pain and analgesic responses (20) (21) (22) . For example, there are sex differences in A and n opioid receptors with greater A opioid responses in men and greater n opioid responses in females (23) . Examination of sex differences in cytokine polymorphisms and their relations to pain and analgesic responses should be further explored for the development of individualization of pain treatment.
It is important to note that we found that many of our patients who presented with severe pain at initial consultation still reported severe pain at follow-up (from 41% to 21%) despite opioid therapy. Given that opioids have debilitating side effects, finding potential genetic markers of opioid response would help in preventing unnecessary suffering in opioid-resistant patients.
Previous studies have also shown that psychological distress, presence of neuropathic pain, delirium, and addictive behaviors are markers of poor prognosis for pain control. In our sample, we found that the presence of addictive behavior, defined by CAGE positivity, was associated with the need for greater opioid dosages. However, this association did not persist in the multivariable analyses.
Our study has potential limitations. Variants in other cytokine genes that have been shown to modulate pain in other disease conditions (for example, IL-1 and back pain; ref. 35) were not assessed in this study. Further, because IL-6 has both proinflammatory and anti-inflammatory effects, further elucidation of the mechanism by which it affects pain and analgesia is needed. It should also be noted that pain and inflammatory response is a complex process and numerous genes are likely involved. In the most likely clinical application, a combination of multiple polymorphisms would be more likely to be useful as predictors of pain and response to analgesia.
Among the strengths of our study is the assessment of several factors shown to be important in guiding pain treatment. Specifically, we evaluated stage of disease, sex, age, and comorbid conditions. In addition, the population we studied was a group of advanced-stage lung cancer patients referred to a Supportive Care program who all underwent structured symptom assessment and medication review. Although we have a small sample, subjects were not selected based on clinical pain criteria, thus reducing the possibility of selection bias. We could also assert that our study population (e.g., more male patients, the mean age of 60 years, and more advanced cancer patients) is similar to the general lung cancer population as reported in other studies (36) .
In conclusion, pain is a complex trait, with several pathways as potential candidates for studying genetic influences. For example, drug metabolizing enzymes, drug transporters, and opioid receptors (37) or cyclooxygenases, or pathways involved in the perception and processing of nociceptive information (38) , the modulation of the pharmacokinetics or pharmacodynamic effects of analgesics have been explained by genetic factors. We hopefully contributed to this understanding by showing in a preliminary analyses the potential influence of cytokine genes on pain and response to analgesia in lung cancer patients receiving pain treatment and control from Supportive Care specialists. Our findings need to be validated in large prospectively accrued populations and incorporating additional genetic markers in the cytokine pathway.
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